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AND OF SAE 4130 STEEL

By H. J. Grover, S. M. Bishop, and L. R. Jackson
SUMMARY

This report presents information on the axial-load fatigue behavior
of unnotched specimens of each of three sheet materials: 24S-T73 and
75S8-T6 aluminum alloys and normalized SAE 4130 steel.

The experimental investigation of these materials included the
following items:

1. Determination of fatigue strengths, in tests at a speed of about
1100 cycles per minute, covering a range of mean loads from zero to a
high tensile value and, for each loading condition, lifetimes from
10,000 to 10,000,000 cycles

2. Determination of fatigue strengths in tests at a slower speed
of about 90 cycles per minute

3. Several measurements of damage or strengthening at one stress
level due to previous loading at another stress level; these tests
included interchanging the order of application of high stress level and
low stress level

In several respects, fatigue test data are extended beyond those
previously avallable. However, results are in general agreement with
such previously reported data as are avallable for comparison. The main
observation unpredictable from previous work is that fatigue strengths
at 90 cycles per minute appear, in some ranges of loading, appreciably
lower (up to 10 percent) than corresponding strengths at 1100 cycles per
minute. .
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INTRODUCTION

A vartime survey (reference 1) showed a lack of complete information
on the fatigue properties of sheet materials used in airframe construc-
tion. Although a great deal of information was available, it appeared
that no material had been investigated fully and that no strictly com-
parative tests of large extent had been made on different materials under
carefully controlled conditions., Therefore, it was planned to investi-
gate rather fully the fatigue behavior of each of three metals commonly
used in airframe construction: 24S-T3 and 75S-T6 aluminum alloys and
SAE L4130 steel., Each metal has been tested in one thickness (0.090 in,
for the aluminum alloys and 0.075 in. for the steel), and all tests have
been conducted under axial loading (of obvious importance in stressed-
skin construction).

The results, of interest in themselves, also furnish basic informa-
tion for further studies of the same materials. 1In view of this possi-
bility, care has been taken to evaluate the experimental errors involved
and to estimate, insofar as is possible, the residual "scatter" of test
points.

This investigation was conducted at the Battelle Memorial Institute
under the sponsorship and with the financial assistance of the National
Advisory Committee for Aeronautics.

Acknowledgment is due to Mr. David O. Leeser, who, while on the
staff of Battelle Memorial Institute, contributed a major part of the
experimental work described in this report. The authors would also like
to express appreciation to Mr. Paul Kuhn, of the Structures Research
Division of the langley Aeronautical Laboratory of the NACA at Langley
Field, Virginia, for many helpful discussions during the course of the
investigation.

SHEET MATERIAL AND TEST SPECIMENS

Coupons cut from 135 sheets (0.090 in. thick) of each aluminum alloy
and from 270 sheets (0.075 in. thick) of the steel were furnished by the
NACA. Each sheet was laid out to provide four static tension blanks with
the grain (rolling direction) and four static tension blanks across the
grain, four static compression blanks with the grain and four static com-
pression blanks across the grain, four fatigue test blanks with the grain,
and a number of blanks for possible future use. As shown in figures 1
and 2, the layouts were such that a sample was taken from each section of
each sheet for the various tests.

Test pieces were machined at Battelle from these coupons.
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Static Test Specimens

Static tension test coupons were machined to conform with the
A.S.T.M. standard for sheet metals (reference 2). The static compression
test coupons were machined and ground 0.625 inch in width by 2.625 inches
in length with ends parallel to each other and normal to the longitudinal
or vertical axis of the specimen.,

Fatigue Test Specimens

For fatigue test specimens, blanks of each material were cut approxi-
mately 3 by 18 inches with the grain running the long dimension of the
blank. These were protected on each face with a zinc chromate primer.
With this coating still on, each blank was machined to the shape shown
in figure 3. Previous experience had shown this t0 be a desirable speci-
men for sheet fatigue tests (reference 3).

A reduction from a width of 1.000 to 0.800 inch in some of the steel
specimens was necessitated by the load capacities of the available fatigue
testing machines., Cross checks indicated that this decrease in width did
not significantly affect test results,

Specimens were polished electrolytically (after preliminary tests
to justify this procedure for the materials concerned; see appendix A).

TEST EQUIPMENT AND PROCEDURE

Static Tests

Tension tests were made in a Baldwin-Southwark universal testing
machine with a Templin type recorder. Compression tests were made in
the same machine with a Montgomery-Templin roller-type compression jig.
Tests conducted at the Langley Aeronautical Laboratory showed that com-
pression stress-strain curves obtained with the roller-type support were
more accurate than curves obtained with other types of support available
(reference 4).

Loading rate for the static tests was 0.03 inch per minute.

Fatigue Tests

All fatigue tests were run on Krouse direct repeated-stress testing
machines (reference 3), one of which is shown in figure 4. These machines
have a nominal capacity of 10,000 pounds tension to 10,000 pounds com-
pression. When the machines were operated at the normal speed of about
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1100 cycles per minute, the determination of fatigue strengths covered
a range of mean loads from zero to a high tensile value and, for each
loading condition, lifetimes from 10,000 to 10,000,000 cycles. A belt
drive was arranged for the low-speed tests to give a speed of about

90 cycles per minute. The machines are of constant-deflection type;
however, each is equipped with a sensitive means of detection of load
decrease, so that tests can be generally considered as run at nearly
constant load. Before this investigation was undertaken, the machines
were recalibrated both statically and dynamically. The estimated pre-
cision of setting and maintaining loads was about ¥3 percent for tension-
tension tests and about 15 percent for tension-compression tests.

Tension-tension tests were run with the self-alining type of grips
used in previous investigations conducted at Battelle (reference 3).
Measurements with bonded wire strain gages have shown that, with careful
loading, the tension-tension grips have uniformity of stresses across
the l-inch gage length of a sheet specimen to about 500 psi, The aline-
ment of the grips in the testing machine keeps bending stresses below
about %00 psi.

Tension-compression tests probably have somewhat less precision.
Construction details of the tension-compression grips and guide plates
are shown in figures 5 and 6. This general method was developed at the
National Bureau of Standards (reference 5). There are two difficulties:

(1) If the guide plates are too tight and specimens are not perfectly
flat, an appreciable, unmeasured fraction of the applied load goes into
friction

(2) If the guide plates are too loose, the specimen buckles on the
compression part of the cycle and bending stresses may become large

Experiments with bonded wire strain gages were performed to determine
optimum conditions for using the guide plates. These experiments are
described in appendix B; it appeared that errors did not exceed about
500 psi or 5 percent of maximum stress.

Surface Finish
Surface finish is known to be of major importance in determining
fatigue strength. It appeared desirable to use a method of surface
finishing which would:

(1) Leave no transverse scratches

(2) Slightly and reproducibly round edges to prevent development
of "feather" edges
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(3) Introduce negligible residual stresses (under 500 psi, if
possible)

(4) Wot cold-work the surface layers

(5) Be reasonably economical for use on the large number of speci-
mens anticipated

(6) satisfactorily polish the roots of deep, narrow notches in
anticipation of future tests to be run on notched specimens

Several methods of mechanical polishing were tried. Eleétropolishing
was also investigated rather thoroughly and was finally chosen as most
nearly fulfilling the requirements listed above.

While a considerable amount of work was done in selecting the sur-
face finish, the results may be summarized briefly. Electropolishing
gave as high (or higher) fatigue strengths on aluminum-alloy specimens
as mechanical polishing, gave as little scatter in fatigue tests,
presumably introduced negligible residual stresses, did not cold-work
the surface, and was relatively simple and economical. Appendix A gives
details of tests which were made to justify these conclusions.

After polishing, fatigue test specimens were coated with Vinylseal
for protection against corrosion and against surface damage due to
handling. This coating was removed, with acetone, only immediately
before testing a given specimen.,

Testing Procedure

Basic fatigue-strength values were obtained by testing specimens of
each type of sheet at constant-load ratios varying from R = 0.70 +to
R = -1.00 (R = Min. stress/Max. stress). The range covered, as far as
feasible, the values of fatigue strength for each material.

Fatigue Damage Tests

Fatigue damage tests were made for each material at a constant mean
stress of one-fourth the ultimate tensile strength of that material.
While this procedure has not been generally followed previously (refer-
ences 6 to 9), it seems useful for calculations with respect to gust
loading (references 10 and 11). The particular value of the mean stress
(one-fourth the ultimate tensile stress), while chosen arbitrarily, is
one that might be used in airframe design.
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Tests were taken for each material at two levels of maximum stress.
These levels were chosen with the following considerations:

(1) The low level was above the relatively flat part of the S-N
curve so that scatter in lifetime was not too large

(2) The high level was below the yield stress (with some question
in the case of 2L3-T3)

(3) The difference between stress levels was as great as possible
in view of the above considerations

A test was made in the following manner: One specimen was run at
the higher stress for a predetermined fraction (say, one-half) of its
average expected lifetime; it was then run to failure at the lower
stress. A second specimen was run in the reverse order (lower stress
for one-half of its expected life, then higher stress to failure). Each
test was repeated on other specimens so as to obtain average results.
The tests were then repeated with several different fractional lifetimes
at the first stress level.

A major purpose of these tests was to find out the effect of order
of occurrence of high and low stresses.

EXPERIMENTAL RESULTS

Static Strength Tests

Table 1 gives the results of the static tension tests and the static
compression tests on the three materials. The results of these static
tests indicated that the sheet materials were up to standard in mechanical
properties. The variations observed, from one sheet to another or from
one specimen in a given sheet to another in the same sheet, were small
in view of the precision possible in the fatigue tests.

Fatigue Strength Tests

Results of the fatigue tests for the 24S-T3, 755-T6, and SAE 4130
sheet specimens are given in tables 2, 3, and 4, respectively. (Some
typical specimen failures are shown in fig. 7.) These results are shown
plotted in the form of S-N curves in figures 8, 9, and 10. The degree
of scatter for the test data is illustrated in figure 11, which indi-
cates that the scatter for the steel was relatively slight. Some of
the S-N curves were extrapolated conservatively into the 1000- to
10,000-cycle range. Part of the difficulty in obtaining accurate values
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in this range, particularly at high load ratios, was attributed to the
difficulty in maintaining loads well above the yield point and to the
increase in strength due to the work-hardening effect. Some of the
S-N curves represent intermediate test-ratio plots outlined with a few
critical points and fitted into the general pattern of the more com-
pletely determined curves.

Calculations indicated that, for a region #1/2 inch from the line
of minimum cross section in each specimen, any variation in stress due
to specimen shape was well within the loading precision (reference 3).
The few specimens in which failures occurred beyond this region were not
used in plotting the S-N curves.

When the fatigue behavior of each material had been established for
stresses up to the tensile yield point, some explorations at still higher
stresses were pursued., It was anticipated that a specimen so loaded in
the Krouse testing machines would elongate sufficiently to cause diffi-
culty in maintaining the mean load. This effect appeared for 24S-T3 and
for SAE 4130 but was not significantly large for 755-T6. A few specimens
(not designated in the tables) of 24S-T3 were run with special precautions
to apply and maintain the mean (and also maximum) stresses while the
machine was running at speed.

While a great deal of effort would be required to investigate
thoroughly the fatigue behavior of unnotched specimens under stresses
exceeding the tensile yield, this survey indicated some general trends.
However, results of such tests should not be used in design,

Fatigue Damage Tests

Tables 5 through 10 give details of the damage tests, and figures 12,
13, and 14 show base-line curves used to establish mean fatigue lifetimes
at high and low stress levels. Average values of "cycle ratio” plotted
against "damage ratio" are shown in figures 15, 16, and 17. The quan-
tities may be defined as follows:

ny number of cycles run at first stress

N1 number of cycles in mean lifetime to failure at first stress level
n, number of cycles run at second stress

No number of cycles in ﬁean lifetime to failure at this second stress

110ads were maintained while continually watching an oscilloscope
pattern; the precision of maintairing loads was about 15 percent.
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Then
o1
Cycle ratio = ﬁI = Fractional lifetime at first level
and No - n
Damage ratio E-———N—~— = Fractional lifetime lost at second level
2

It should be emphasized that points plotted in these figures are
average values for three to seven specimens each; however, scatter in
data limits the significance to be attached to each point. This is
discussed in the following section.

Results at Low Speed (about 90 cpm)

Tables 11, 12, and 13 show the results of fatigue tests on unnotched
specimens at a machine speed of about 90 cycles per minute compared with
results at a speed of about 1100 cycles per minute. Figures 18; 19, and
20 show these low-speed results in S5-N diagrams in comparison with results
obtained at 1100 to 1200 cycles per minute. It appears that:

(1) In the tension-tension range, there was no significant speed
effect

(2) In tension-compression tests, specimens run at low speed had
generally shorter lifetimes than specimens run at higher speeds

(3) The difference in lifetimes appears greater for the more ductile
metals (24S-T3 and SAE 4130), greater at high maximum stresses, and
greater at low values of R.

These results may have been affected by the guide plates; this
possibility is discussed in a following section.

DISCUSSION OF RESULTS

Fatigue Strengths of Materials

The S-N curves of figures 8, 9, and 10 are faired curves through
points plotted from observed data. In the ensuing discussion, values
read from these curves are taken as fatigue strengths of the materials.
Such values should not be used in design without allowance for scatter
in fatigue strengths of materials. Considerable scatter has been noted
in some fatigue tests of steels (reference 12) and in fatigue tests of
aluminum alloys (references 13 and 14). No adequate evaluation of
scatter is possible for the limited data in this report, and the results
- can be discussed only with this limitation in mind.
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Within the limits of possible scatter, the fatigue strengths indi-
cated in figures 8, 9, and 10 are in agreement with such other reported
values as are available for comparison (references 1k and 15).

Figures 21, 22, and 23 show dlagrams of stress amplitude against
mean stress. Such diagrams have been suggested as means of concise
representation of fatigue properties of materials and as diagrams con-
venient for use in design. Attention should be given to the following
notes in connection with the particular representations in figures 21
to 23:

(1) "Points" are not observed values, but are values read from
faired curves in figures 8, 9, and 10

(2) "Lines" are faired through these points to represent the prob-
able behavior of the materials, ©Since these do not give minimum values
and since data are insufficient for statistical evaluation of scatter,
the lines in these diagrams should not be used for safe design values

With these qualifications, these constant-life diagrams afford a summary
of S8-N values for the sheet materials tested.

In two regions of each diagram, particular care should be exercised
in interpreting the results. First, points for which the maximum stress
exceeded the yield strength of the material (indicated on each diagram)
must be considered with respect to stretching specimens and thereby
altering stresses and/or material properties either preceding or during
the test. This point has been mentioned in connection with details of
obtaining data. This region i1s of relatively small importance in design,
since no material (except in very local regions near stress-raisers) is
expected to be used beyond its yield stress, Second, the regions where
minimum stresses were in compression (to the left of the dashed line in
each diagram) represent results for which the precision of measurement
was less than for those in the tension-tension region. At present,
because of limitations imposed by the degree of scatter, there is no
certain evaluation of local stresses on the sheet specimens under
reversed lcading within the guide plates. However, no observations yet
made have indicated serious errors due to use of guide plates in
restraining buckling.

For all three materials, it appears that decreasing the mean stress
increases the range of stress that can be withstood for a given lifetime,
but the rate of increase is relatively small for long lifetimes. There
is a possible decrease in fatigue strength as the speed of loading is
decreased from 1100 to about 90 cycles per minute; this decrease appears
greatest (about 10 percent) in the range of reversed stress and is
barely within the precision of testing in this range. Comparing the
materials on the basis of percent of ultimate tensile strength:
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(1) They show rather similar short-life fatigue strengths but differ in
long-life fatigue strengths; (2) the normalized SAE 4130 steel appears
significantly stronger than either of the aluminum alloys for lifetimes
of 100,000 cycles and over; and (3) the greatest difference between the
two aluminum alloys appears for lifetimes from about 100,000 to
1,000,000 cycles (in this region, 24S-T3 shows significantly higher
fatigue strength than 75S-T6). For the two aluminum alloys at longer
lifetimes, there is a possible change in curvature of the constant-
lifetime curves near a mean stress of about 10 percent of the ultimate
tensile strength., This effect is just "on the edge" of the precision
of measurement, but may be real. It does not appear for the SAE 4130
steel.

Fatigue Damage

Results of tests to measure the extent of damage or strengthening
at some stress level should not be interpreted without due regard for
experimental scatter. As indicated by the curves in figures 12 and 13,
scatter in the base curves for the two aluminum alloys was at least
120 percent in lifetime. Figure 14 shows less scatter - perhaps 110 per-
cent for the particular lot of SAE 4130 steel tested. It must be
admitted, however, that tests on many more specimens might indicate wider
scatter bands. Moreover, it is not easy to judge the effect of scatter
in the base curves upon values of cycle ratio and values of damage ratio.
The net result, however, is considerable uncertainty in these ratios.
This is consistent with observed variations in damage ratios in tables 8,
9, and 10,

With these precautions in mind, the following observations may be
warranted from figures 15, 16, and 17:

(1) For all three materials, damage with the low stress applied
first was less than that estimated by Miner's assumption (reference 16)°

(2) For the steel, the application of the high stress first produced
apparent damage in excess of that given by Miner's assumption

(3) For the aluminum alloys, there appeared considerable strength-
ening for low cycle ratios of high stress applied first

“Miner's assumption is that the fractional life lost at any stress
level because of running at a previous level is just the fractional life
run at the first level.

No -mp g n] 0o

—— Or, as more commonly written, — + = =1

Thus
e No Ny NI Mo
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While there are no strictly comparable data (i.e., damage on mean
tensile stress), results from somewhat similar tests have been reported.
Observations (1) and (2) above are in general accord with expectations
on the basis of such previously reported results; item (3) is unusual.

A possible explanation for the strengthening of the 24S-T3 aluminum
alloy after a few cycles of high stress may be a combination of local
cold-work and local stress relief due to exceeding the yield strength
at the high stress. The yield values and high stress levels for the
three materials are:

Yield stress,
0.2-percent High stress level

Material offset (psi)
(psi)
24ks-T3 54,000 55,000
758-T6 76,000 65,000
SAE 4130 steel 98,500 95,000

Thus, the 24S-T3 was stressed essentially at its yield strength at
the high-level load in the damage tests. However, this was not the case
for the 755-T6 (unless yielding was extremely local); and, on the other
hand, the steel, which did not show much strengthening, was stressed
rather near its yield.

It may be observed that very few comparable data are available on
fatigue damage and more information would be of considerable interest.
However, it should be kept in mind that obtaining such information may
be expected to be time consuming and laborious.

CONCLUSIONS

Axial-load fatigue strengths of unnotched and polished sheet speci-
mens of 24S-T3 and 755-T6 aluminum alloys and of SAE 4130 steel have been
determined over a wide range of stress values and lifetimes,

1. The data obtained constitute an extension of information obtained
previously by other investigators and, where duplication occurs, the
results are in agreement with those obtained previously.

2. Slow-speed tests (90 cpm) indicate, but have not conclusively
shown, that the fatigue strength may be reduced about 10 percent when
the speed of testing is changed from 1100 to 90 cycles per minute.
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3. Two-stress-level tests of fatigue damage show damage ratios
different from cycle ratios.

Battelle Memorial Institute
Columbus, Ohio, June 1, 1950
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APPENDIX A

EFFECT OF SURFACE FINISH ON FATIGUE LIFE

OF ALUMINUM~ALLOY SPECIMENS

Preliminary fatigue tests were made on both 24S-T3 specimens and
75S-T6 specimens with the following surface finishes:

(1) Mechanical polish in a basic medium; that is, abrasives which
were basic

(2) Mechanical polish in a neutral or slightly acidic medium
(acetic acid added to abrasives)

(3) Light buffing
(k) Electrolytic polishing

The results showed that polishing in the slightly acid medium gave
somewhat higher fatigue strengths than polishing in a basic medium;
buffing gave high fatigue strength but produced a cold-worked surface
layer; and electrolytic polishing gave high fatigue strength and did not
cold-work the surface.

Attempts were made to estimate the residual stresses in specimens
subjected to the various treatments. Measurements were made on bars,

h% inches long by 1/2 inch wide, by removing small thicknesses electro-

lytically and observing the resulting curvature. Thicknesses were meas-
ured with an optical comparator. Curvature changes were determined by
measuring changes in arc height over a chord length of 4 inches by means
of a micrometer with an electrical contact. Stresses were computed by
the following equation due to the work of Richards (reference 17):

we
1
= W gc¢ ¥ - S S d
S (co = c) - s

In this equation, E 1is Young's modulus, w is thickness, and c¢ 1is
curvature (co Dbeing the original curvature). Table 1k shows the results
of such tests on T55-T6 and indicates appreciable compressive stress with
light buffing and little significant stress due to careful mechanical
polishing. The slightly higher fatigue strengths of the buffed specimens
were attributed to surface work hardening and/or surface compression
stresses,
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In view of the previous questions as to the use of electropolishing,
it was thought desirable to make more extensive tests to determine the
reproducibility of results with this type of polishing. Accordingly,

20 specimens of each alloy were machined from some 2-inch-wide strips

left over from shearing the original sheets. Each specimen was 17% inches

long, 2/3 inch wide at the critical section, and had a continuous edge
curvature of 12 inches. One-half of the specimens of each material were
electropolished and one-half were mechanically polished using a slightly
acidic medium. All specimens were tested at the same stress (55,000 psi,
maximum tension, and 13,700 psi, minimum tension). The results are shown
in table 15. A statistical analysis of the results was made at the
Langley Aeronautical Laboratory of the NACA and the results are shown in
table 16, It appeared that, so far as these tests determined, electro-
polishing gave quite as good results as mechanical polishing.

Finally, in view of the considerably greater ease of polishing
large numbers of specimens electrolytically, this method of surface
finishing was adopted.
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APPENDIX B
EFFECT OF GUIDE PLATES IN TENSION-COMPRESSION FATIGUE TESTS

Several tests were made to estimate the effect of guide plates used
in the tension-compression tests to prevent sheet buckling. On the basis
of previous experience, the guide plates were made to allow a clearance
of 0.0025 inch between either surface of the specimen and the oiled paper.
To test the extent of buckling or of possible friction, slots 1/2 inch

by l% inches were cut in each guide plate. These slots were cut length-

wise to be over the critical test section of the test piece. Type A-T,
SR-4 strain gages were cemented on either side of a specimen so as to be
inside these slotted regions. Then the measurements shown in table 17
were taken with the fatigue testing machine running at rated speed. The
results showed:

(1) With the clearance increased by a 0.005-inch shim separating
the guide plates, there was evidence of significant buckling, especially
at high compression stresses (see test 2)

(2) With no shim - the condition used for actual tests - there
appeared little evidence of high bending stresses (the maximum being
950 psi in one case - test 2)

(3) Without shims, measured strains were in good agreement with
values calculated from the external loads

It was concluded that the guide plates worked reasonably well for
the tension-compression tests.
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NACA TN 2324

TABLE 2.- DIRECT-STRESS, FATIGUE TEST RESULTS

FOR 24S-T3 ALUMINUM SHEET SPECIMENS

SHEET, 73,000

{ULTIMATE TENSILE STRENGTH OF

psI)t 2

Maximum 3
Specimen stress Life Remarks
(psi) (cycles) (3)
Test ratio,h 0.60
A33M2 71,500 | -----mv---- Failed during loading
A92M3 71,500 38,700 Failed in critical section
A92Mh 71,500 | —meeeemeee- Failed during loading
AleM2 68,000 252,000 Failed in critical section
Al5M2 66,500 519, 500 Do.
APM3 65,000 7,984, 400 Do.
A30M1 60,000 >10,294,000 Did not fail
Test ratio, 0.50
A13M3 62,500 357,900 Failed in critical section
ASM3 60,000 420, 300 Do.
AlkM1 58,000 1,294,300 Failed 1/2 in. out of critical
Alkm2 58,000 2,168,800 Failed in critical section
Test ratio, 0.LO
A33M3 71,500 hE,lOO Failed 1/2 in. out of critical
AQ2M1 71,500 16,100 Failed in critical section
A38M2 71,500 40,900 Do. )
A6TM2 69,000 26,100 Do.
AT3IM2 65,000 85,150 Do.
A93M2 63,500 63,800 Do.
AQEMY 63,500 43,200 Do.
A36M3 60,000 144,100 Do.
A6TML 57,500 70,700 Failed 3/16 in. out of critical
A39M1 56,000 191,800 Failed in critical section
AL3M3 54,000 66,800 Failed in flaw
A39ML 5k, 000 Lo6, 700 Failed in critical section
A38ML 54,000 182,600 Failed 1 in. out of critical
AboM2 54,000 351,000 Failed in critical section
A28M1 52,500 538, 300 Do.
Al8MY 50, 000 701,100 Do.
A34M3 47,500 >10, 360,000 Did not fail

—
“\ﬂéCA

lS‘tatic properties are given in table 1.

2For test results at 90 cpm, see table 11.

3Ccritical section includes area 1/2 in. either side of line
of minimum cross section. Only results obtained from specimens
failing within the critical section are plotted on the curves.

hTest ratio determined by dividing minimum stress by
maximum stress.
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20 NACA TN 2324
TABLE 2.- DIRECT-STRESS, FATIGUE TEST RESULTS FOR
24S-T3 ALUMINUM SEEET SPECIMENS - Continued
Maximum .
Specimen stress Life Remarks
(psi) (CyCleS) (3)
Test ratio,* 0.25
A31IML 68,000 k3,100 Failed in critical section
(5) 55,000 123,000 |  emmmme e mmeeemeeee
AbMY 47,500 210,500 Failed in critical section
A1L4M3 45,000 >12,895, 700 Did not fail
ASMY k2,500 >5, 256, 500 * Do.
Test ratio, 0.10
A25M1 45,000 97,600 Failed 1/2 in. out of critical
A15M1 45,000 142,600 Failed in critical section
Allmk 40,000 346,100 Do.
Test ratio, 0.02
A33ML 71,500 7,000 Failed in critical section
A91M2 71,500 k4, 500 Do.
A3bkM1 71,500 9,000 Do.
A3LMY 71,500 7,000 Do.
A91M1 70,000 8,300 Do.
A33M2 65,000 29,600 Do.
A35Mh 60,000 3k, 200 Do.
A96M3 60,000 15,900 Do.
A95M1 60,000 18,900 Do.
AlMh 60,000 43,000 Do.
A3EM3 56,000 59, 600 Do.
A36M2 54,000 66, 300 Do.
A3EML 5k, 000 62,600 Do.
A39M2 54,000 72,200 Do.
A38M3 54,000 33,800 Failed 3/L4 in. out of critical
A82M2 52,500 84,900 Failed in critical section
AETM3 15,000 107,000 Do.
A68M2 45,000 213,500 Failed 2& in. out of critical
AThM1 45,000 156,100 Failed in critical section
ALEM3 38,000 9,081,200 Do.
A6IM2 37,750 355, 400 Do.
ATOM2 36,000 267,700 Do.
ATM3 35,000 281,900 Failed in pit
A3oM2 34,000 >12, 362,500 Did not fail
ASML 32,500 503, 300 Failed in critical section
Al13M1 31,500 >10,950, 000 Did not fail
AIM3 29,000 >10, 348,900 Do.
A32ML 25,000 >10,02k,500 Do.

3critical section includes area 1/2 in. either side of line
of minimum cross section.
failing within the critical section are plotted on the curves.

1+Test ratio determined by dividing minimum stress by

maximum stress.

Only results obtained from specimens

SMean value for specimens used in tests run for statistical

analysis.

szzﬁggg;;?




NACA TN 232k

TABLE 2.- DIRECT-STRESS, FATIGUE TEST RESULTS FOR

24sS-T3 ALUMINUM SHEET SPECIMENS - Concluded

21

Maximum Life Remarks
Specimen stress (cycles) (3)
(psi)

Test ratio,h -0.30
A3TM3 70,000 3,500 Failed in critical section
A3TMA 60,000 2k,100 Do.
ARLM3 5k, 000 56,600 Do.
AllMo 54,000 42,800 Do.
A31IM3 50, 000 66,700 Failed 1/2 in. out of critical
A3aMl 50,000 93,300 Failed in critical section
ATkM2 45,000 131,900 Do.
A31M1 42,500 130,000 Do.
A31M2 35,000 352,700 Do.
A26EM2 30,000 >5, 438,400 Did not fail

Teat ratio, -0.60
A93ML 71,500 1,600 Failed in critical section
A93M3 65,000 6,200 Do.
AIML 55,000 8,500 Do.
A93M1 5k, 000 18,200 Do.
AL3ML 48,000 43,100 Do.
APM1 47,500 35,400 Do.
AT3MY4 L0, 000 118,000 Do.
AS5TMY Lo, 000 112,000 Do.
AlM2 40,000 88,100 Do.
AOMY 35,000 171,900 Do.
A29ML 30,000 231,000 Do.
A2EM3 27,500 545,700 Do.
A30Mk4 26,000 1,164,800 Do.
AB2Mh 24,000 >10,994,200 Did not fail

Test ratio, -0.80
A9UM3 45,000 32,000 Failed in critical section
A3M1 35,000 149,200 Do.
A3M2 25,000 1,781,800 Do.

Test ratio, -1.00
ASM2 50,000 13,100 Failed in critical section
A3M3 40,000 12,000 Failed 1/2 in. out of critical
A30M2 40,000 53,000 Failed in critical section
AlM2 30,000 305, 700 Do.
A32My 25,000 1,169,000 Do.

3critical section includes area 1/2 in. either side of line
of minimum cross section.
failing within the critical section are plotted on the curves.

ll"I‘est ratio determined by dividing minimum stress by

maximum stress.

Only results obtalned from specimens




22 NACA TN 2324

TABLE 3.- DIRECT-STRESS, FATIGUE TEST RESULTS
FOR T75S-T6 ALUMINUM SHEET SPECIMENS

(ULTIMATE TENSILE STRENGTH OF

SHEET, 82,500 PSI)T 2

. Max imum Life Remarks
Specimen stress (cycles) (3)
(psi) 4
Test ratio,* 0.70
B2LM1 80,000 2,478,100 Probably cold-worked
B81ML 75,000 >10,538,300 Did not fail
Test ratio, 0.60
BOIM3 80,500 14,500 Failed in critical section
BoM4 80,500 71,700 Do.
BOIML 80,500 68,300 Do.
BO3M1 80,500 99,000 Do,
B19M2 79,000 162,100 Probably cold-worked
B23My 79,000 181,600 Do.
B19MP 75,000 58,600 Failed in critical section
B19M3 70,000 88,100 Failed 1/4 in. away from critical
B39Mh4 70,000 432,900 Failed in critical section
B1gM1 70,000 1,140,300 Reload
B1EM1 65,000 >10,780,500 Did not fail
BI1oM1 60,000 >10,780,500 Do.
Test ratio, 0.5
B3oM3 65,000 89,000 Failed in critical section
B20M2 62,500 >h,799,800 Failed in grips
Test ratio, 0.40
B92M3 80,500 23,600 Fajled in critical section
Bo2M1 80,500 23,200 Do.
B1loaMl 80,500 20,000 Do.
B8=M2 80,500 24,000 Do.
B3 7ML 78,000 27,600 Do.
B1kML 75,000 37,500 Do.
BE&M2 70,000 39,100 Do.
B121M4 65,000 63,800 Do.
B81IM1 60,000 99,200 Do.
B7M1 56,000 21,200 Do.
BT78M1 52,500 >12,615,100 Did not fail
BOLM3 50,000 173,200 Failed in critical section
B13Mh 45,000 >15,640,700 Did not fail

lstatic properties are given in table 1.
2For test results at 90 cpm, see table 12.

3Criticul section includes area 1/2 in. either side of line
of minimum cross section.
failing within the critical section are plotted on the curves.

Only results obtalned from specimens

l+Test ratio determined by dividing minimum stress by

maximum stress.
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TABLE 3.- DIRECT-STRESS, FATIGUE TEST RESULTS FOR

758-T6 ALUMINUM SHEET SPECIMENS - Continued

23

Maximum
Specimen stress (CL2§ZS) Re?a§ks
(psi) Y 3
Test ratio,* 0.25
B36M3 €2,500 52, 400 Falled in critical section
(%) 55,000 Th,000 |  mmmmmemmmmmmmeeoemoos
B3TML 55,000 120,800 Failed in critical section
B23M3 50,000 >3,809, 500 Did not fail
Test ratio, 0.10
B36M2 50,000 178,000 Failed in critical section
B19Mk 47,500 79,200 Failed 2 in. away from critical
B72M3 47,500 892,500 Failed in critical section
Test ratio, 0.02
B9TM3 80,500 9,400 Failed in critical section
B91M4 80,500 9,200 Do.
BY1M2 80,500 9,800 Do.
B121M2 80,000 9,700 Do.
B121M1 78,000 9,700 Do.
B15M1 77,000 | —mmmeieee-- (Load too high; failed in
grips while loading)
B38M2 75,000 16,200 Failed in critical section
B14M3 70,000 18,800 Do.
B11lmMk 50,000 48,000 Do.
B36M1 45,000 99, koo Do.
BlhMme 45,000 160, 600 Do.
B1iM1 45,000 305,300 Failed in grips
B31M1 45,000 23,600 Failed 1 in. out of critical
B78M2 40,000 355,600 Failed in critical section
B65M3 38,000 70,100 Reload
B56M3 37,500 202,500 Failed 1/2 in. away from critical
B16M3 37,500 >10, 500,000 Did not fail
B20M1 35,000 >13, 785,100 Do.
B65M3 30,000 >10,535,800 Do.
B81M3 ko, 000 9,705,800 Failed in critical section
Test ratio, -0.60
Bo2M2 75,000 11,600 Failed in critical section
BYIM1 75,000 8,800 Do.
BYoMU 75,000 9, k00 Do.
B72M4 65,000 11,000 Do.
B97M2 60,000 16,600 Do.

3critical section includes area 1/2 in. either side of line

of minimum cross section. Only results obtained from specimens

failing within the critical section are plotted on the curves.
ll'Tes‘t ratio determined by dividing minimum stress by

maximum stress.

SMean value for specimens uged in tests run for statistical

analysis.



2k NACA TN 232k
TABLE 3.- DIRECT-STRESS, FATIGUE TEST RESULTS FOR
75S-T6 ALUMINUM SHEET SPECIMENS - Concluded
Maximum
Specimen stress (cL:iZs) Re?§§ks
(psi) v
Test ratio,h -0.60 - Concluded
B9LM3 60,000 19,100 Failed in critical section
BhlMy 60, 000 19, 400 Do.
B17M3 55, 000 2k, 600 Do.
B18M3 45,000 68, 200 Failed 3/16 in. out of critical
BliM2 43,000 63,800 Failed in critical section
B26M3 Lo, 000 152,800 Do.
B26M1 Lo, 000 168,700 Do.
B3iM1 37,500 254,800 Do.
B18MY4 35,000 >10,243,000 Did not fail
Test ratio, -0.80
BLEM3 50,000 15,300 Failed in critical section
B31M2 39,500 58,100 Do.
B31ML 35,000 154,700 Do.
B21Mh 32,500 776,300 Failed 1/16 in. out of critical
Test ratio, -1.00
B8M3 50,000 13,000 Failed in critical section
B10952B 40,000 k5,000 Failed 1/4 in. out of critical
B15M1 40,000 55, 400 Failed in critical section
B28M3 40,000 66,800 Do.
B10O7S2B 35,000 135,000 Failed 1/2 in. out of critical
B39M1 35,000 110,600 Failed in critical section
B3M3 33,000 27,000 Failed 1 in. away from critical
B6M4 32,500 73,000 Probably buckled in guides
B28M1 30,000 130,200 Failed in critical (probably
buckled)

B10252B 30,000 263,000 Failed in critical section
B1105S2B 30,000 165,000 Failed 1/4 in. out of critical
B101S2B 30,000 h78,000 Failed 1in critical section
B39M2 30,000 | m-m-mmeme-- Severely buckled
B39M3 30,000 149, 300 Do.
BLOML 30,000 3,137,000 Failed in critical section
B10352B 27,500 1,205,000 Do.
B10652B 25,000 3,321,000 Failed 3/4 in. out of critical
B108s2B 25,000 9,497,600 Failed in critical section
B10OLS2B 24,000 >10, 400, 000 Did not fail
B10552B 23,000 >10,133,000 Do.

3critical section includes area 1/2 in. either side of line <T\Jjé§&ﬂ/ﬁ

of minimum cross section.

Only results obtained from specimens

failing within the critical section are plotted on the curves.
uTest ratio determined by dividing minimum stress by

maximum stress.
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TABLE 4.- DIRECT-STRESS, FATIGUE TEST RESULTS

FOR SAE 4130 STEEL SHEET SPECIMENS
(ULTIMATE TENSILE STRENGTH OF

SHEET, 117,000 PSI)L 2

Specimen Maximm Life Remarks
(3) oty (cycles) (1)
(psi)
Test ratio,” 0.60
ClhhM2 110,000 >12,375,000 Did not fail; probably cold-
worked
Test ratio, 0.40
cllav 110,000 >12,351,000 Probably cold-worked
Cc1igM1 107,500 152, %00 Failed in critical section
cogML 102,500 >12,231,000 Did not fail
Clé1ML 98,000 199,300 Failed in flaw
Cc152M1 95,000 >12,234,100 Did not fail
C1hkéemM1L 90,000 1,649,000 Do.
Fﬁ Test ratio, 0.25
C20M1 98,000 >1,%05,600 Failed in grip
C33M1 98,000 >13,673,500 Did not fail
Cl23M1L 95,000 >13,395,000 Do.
Test ratio, 0.02
C63M2 112,000 103,800 Failed in critical section
clohMmy 110,000 | ~=eemeocaa- Load could not be maintained
Cc161M2 107,500 89,600 Failed in critical section
C121M2 100,000 43k 300 Do.
Cleam2 100,000 25k, 500 Do.
C150ML 95,000 19k, 000 Do.
c8ML 95,000 247,500 Do.
chvy 95,000 465,000 Do.
Clh7M2 90,000 20k, %00 Do.
C155M2 88,000 278,900 Do.
c38M2 85,000 >15,060,000 Did not fail
C155M1 85,000 >368, 800 Do.
C58ML 82,500 >10,864%,200 Do.
C151ML 80,000 >11,773,000 Do.
Cll7ML 70,000 >1,652,300 Do.

lstatic properties are given in table 1.
2For test results at 90 cpm, see table 13.

~NACA

3Specimens for higher maximum stress reduced in width
from 1.000 to 0.800 in. to take higher loads.

hCritical section includes area 1/2 in. either side of line
Only results obtained from specimens
failing within critical section are plotted on the curves.

STest ratio determined by dividing minimum stress by

of minimum cross section.

maximum stress.
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26 NACA TN 2324
TABLE k4,- DIRECT-STRESS, FATIGUE TEST RESULTS FOR

SAE 4130 STEEL SHEET SPECTMENS - Concluded

Specimen M:figg? Life Remarks
(3) (psi) (cycles) (1)
Test ratio,” -0.30
céML 100, 000 35,900 Failed in critical section
1My 97,500 80,000 Do.
c1o1mMm 96,000 106,100 Do.
C32M2 95,000 83,000 Do.
C66ML 95,000 64,400 Do.
caM2 95,000 67,600 Do.
C187M2 90,000 109,300 Do.
€188M1 85,000 239,000 Do.
c18amy 80,000 465,200 Do.
C32ML 77,500 652,400 Do.
ca™2 77,000 626,900 Do.
c17im 74,000 874,300 Do.
cihme 71,000 >13,086,100 Did not fail
Test ratio, -0.60
c16™ML 90,000 61,000 Failed in critical section
C189ML 85,000 49,600 Do.
clim 80,000 60,000 Specimen buckled
C30M2 80,000 102,400 Failed in critical section
C173M2 72,500 153,200 Specimen buckled
C96ML 72,500 300, 400 Failed in critical section
C176M2 65,000 1,020, %00 Do.
CcloMi 62,500 2,607,900 Do.
colme 59,000 >12,612,400 Did not fail
Test ratio, -0.80
c66ML 75,000 56, 400 Failed in critical section
céM2 70,000 151,000 Do.
CcTML 65,000 221,700 Do.
C113ML 60,000 4, Lok, 200 Do.
cTM2 60,000 863,500 Failed 1 in. out of critical
cloMl 55,000 >11,959,500 Did not fail
Test ratio, -1.00
Cc13M2 75,000 8,400 Failed in critical section
C50M2 65,000 98,800 Do.
c8oM2 55,000 246,000 Do.
c58ML 50,000 1,530,800 Do.
cémz k7,500 3,874,800 Do.
cl7ML k5,000 13,657,000 | Did not fail
3Specimens for higher maximum stress reduced in width “::jiégé;:?’
from 1.000 to 0.800 in. to take higher loads.

hCritical section includes area 1/2 in. either side of line
of minimum cross section. Only results obtained from specimens
failing within critical section are plotted on the curves.

STest ratio determined by dividing minimum stress by
maximum stress.




NACA TN 2324

TABLE 5.- CHECK RESULTS FOR BASE-LINE CURVE FOR DAMAGE TESTS

ON 24S-T3 ALUMINUM; MEAN STRESS CONSTANT AT 18,250 PSI

(ONE-FOURTH OF ULTIMATE STRENGTH)

Stress
(psi) Life Remarks
Specimen: L (cycles) (1)
Maximum|Minimum
ATM1 35,500] 1,000p>2,151,100|Did not fail
Mean = = | —cmeeejoemmmee e Too close to endurance
limit
A6M1 36,750 250 394,000|Failed in critical
A8BM1L 36,750 250| 223,700 Do.
ATM2 36,750 250 195,800|{Failed in scratch
ABM2 36,750 250 248,800|Failed out of critical
ABM3 36,750 250 p6,239,500|Did not fail
Mean = = | smmeemlemmmmem e Too close to endurance
limit
A11M3 40,000| -3,500 102,100|Failed in critical
A9M3 Lo,000{ -3,500 50,100|Failed in flaw
A10M1 M0,000 -3,500 lh7,9OO Failed in critical
A10M2 4o,000{ -3,500 189,200 Do.
A9ML L0,000| -3,500 200,500 Do.
Mean | =——mo—|eme—eao 160,500 Excluding A9M3
Av. deviation| ---c--f--ee-o- 135,000 Do.
ASML 55,000 (-18,500 52,000|Failed in critical
A6M2 55,000|-18,500 31,000 Do.
ATML ) 55,000 (-18,500 26,600 Do.
ABML 55,000 |-18,500 34,400 Do.
Mean = = | ;e 36,000 mmmme e m e
Av. deviation| ---e-cof-ocemnea-n $8,100] mmmmm e e

lCritical section includes area 1/2 in, either side of line of

minimum cross section.

At




NACA TN 2324

TABLE 6.- CHECK RESULTS FOR BASE-LINE CURVE FOR DAMAGE TESTS

ON T75S-T6 ALUMINUM; MEAN STRESS CONSTANT AT 20,625 PSI

(ONE-FOURTH OF ULTIMATE STRENGTH)

Stress
(psi) Life Remarks
Specimen (cycles) (1)
Maximum|Minimum
B17ML 42,000 = -750|>9,418,800{ Did not fail
B16Mk 42,000 -750 471,700| Failed in critical
Mean = | =----o|mmmmmmm e e - Too tlose to endurance
limit
B20M3 43,250{ -2,000{>1,669,500|Did not fail
B17M2 43,250 -2,000 105, 400| Failed in critical
Mean = | ——-=o-|mmmmmm e Too close to endurance
1imit
B21M2 45,000| -3,750 66,600 Failed in critical
B18M1 45,000 -3,750 54, 700 Do.
B18M2 45,000( -3,750 77,400 Do.
Mean | ee-meo|emoen-- 66,200[ ~===m-mmmmm e
Av. deviation| ------}--=---- 27,700 == mcmmmmmm e e e e e
B13M1 57,500 -16,250 34,900|Failed in critical
BTM3 57,500| -16,250 23,200 Do.
B13M3 57,500 -16,250 38,000 Do.
Mean = = | =cecmec|-a-mea-- 32,000 ~====--mcmmm e
Av. deviation| =----=f{--ncmu- +4,100) mmmmmmm e
B25M1 65,000| -23, 750 19,300|{Failed in critical
B25M2 65,0001 -23, 750 16,800 Do.
B21M3 65,000} -23, 750 17,900 Do.
Mean = | —----ef--aao-- 18,000 == -=--mmmmm e
Av. deviation| =---=-|-==----- +900] ~~=mmmmmmmm e e

lCritical section includes area 1/2 in. either side of line
of minimum cross section.

“‘!ﬂ:’,”
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TABLE T.- CHECK RESULTS FOR BASE-LINE CURVE FOR DAMAGE TESTS

ON SAE 4130 STEEL; MEAN STRESS CONSTANT AT 29,250 PSI

(ONE-FOURTH OF ULTIMATE STRENGTH)

Stress
) (psi) Life Remarks
Specimen (cycles) (a)
Maximum | Minimum
c86M2 80,000 | -21,500 759,100 | Failed in critical
co8M2 80,000 | -21,500 |1,375,700 Do.
bes3ML 80,000 | -21,500 |2,494,100 Do.
Mean = | emeemee| ceeanao 1,543,000 | Too close to endurance
limit
begoM1 82,500 | -24,000 562,000 | Failed in critical
bc97M1 82,500 | -24,000 596,000 Do.
c8amL 82,500 | -24,000 591,000 Do.
Mean = | emee-ee| ce-eea- 583,000 | =m=memmccmeem e meeaas
Av. deviation | =-~-=-| c==-a-- +14,000 | =eccemmm e
SCHM2 85,000 | -26,500 | 312,900 | Failed in critical
C69ML 85,000 | -26,500 289,300 Do.
Mean = = | =ec-ee| cmca-e- 301,100 | ====cmmccccmcccccceaam
Av. deviation | «---==] cecaecao +11,800 | ==mmcccmme e ceemeas
bo 90,000 | -31,500 120,900 | Failed in critical
bc90M2 95,000 | -36,500 70,500 Do.
C5TML 95,000 | -36,500 62,600 Do.
besoML 95,000 | -36,500 64,200 Do.
Mean @ = | eememe] cc-eaoo 65,800 | ===mcmmmmmmmmememeeao
Av. deviation | -===e-| scme--- 43,200 | ~wmmmmmre e eceeeaee
boime 100,000 { -41,500 29,200 | Load too high

8Critical section includes area 1/2 in. either side of

line of minimum cross section.

bSpecimen reduced in width from 1.000 to 0.800 in.



30 NACA TN 2324
TABLE 8.- RESULTS OF FATICUE LOADING 2u4S-T3 ALUMINUM SHEET SPECIMENS AT TWO
STRESS LEVELS WITH A CONSTANT MEAN STRESS OF 18,250 PSI
(ONE-FOURTH OF ULTIMATE STRENGTH)
Cycle
Damage 1‘::10 at | Final life, Damage, Damage
mage
Specimen st;ess, stregs oo No - np ratio, Releg;‘ks
1 n (cycles) (cycles) No - mp
{cycles) o (1) T
i 2
Damage stress, 55,000-psi maximum
Testing stress, 40,000-psi maximum
Virgin specimen life, Ny, 160,500 cycles
A28M4 10 0.00025 >1,750,800 ->1,750,800 —> o Did pot fail
A27M3 3,600 .10 >1,2k7,100 ->1,086,600—> -0 Did nmot fail
A2TM2 3,600 .10 >5,843,500 ->5,683,000 —> - Do.
Mean | ee----- P 0 T T T T T B - P e EE L L P L D)
A28M3 9,000 .25 651,200 -490, 700 -3.0 Failed in critical
A2TMY 9,000 .25 468,000 -307,500 -2.1 Do.
A35M2 9,000 .25 254,700 -9k 200 -.6 Failed 3/8 in. out of
critical
AbMU 9,000 .25 195,000 -3L4,500 -.2 Failed in critical
A2LML 9,000 .25 230,600 -70,100 -k Do.
A22Mh 9,000 .25 154,500 6,000 0 Do.
A23M3 3,000 .25 85,800 | s-wsommommmeooe | ool Failed 1 in. out of
critical
A24M3 9,000 .25 369,200 -208,700 -1.3 Failed in critical
Mean | e-eaaaa 25 | emmmmcemen | ememcmicacaaao -.9 %+ 0.6 Excluding A23M3 and A28M3
A11M2 18,000 .50 110,500 50,000 .3 Failed in critical
Al1Mh 18,000 .50 121,000 39,500 .2 Do.
AlOM3 18,000 .50 177,500 -17,000 -1 Do.
Mean | ------- B0 | mmemmemmes | emmmemmmeenas .1+ 0.2 P ]
A6M3 2k,000 .67 35,100 125,400 .8 Failed in critical
A6ML 2h,000 .67 55,500 105,000 .7 Do.
AleM2 24,000 .67 54,300 106,200 .7 Do.
Mean | ------- B A OO T (P T S ER LT+ 0.1 B EGRa R L LR P LR
-
Damage stress, 40,000-psi maximum
Testing stress, 55,000-pel maximum
Virgin specimen life, Np, 36,000 cycles
A25M2 [ 32,000 T 0.20 23,000 13,000 0.4 Failed in critical
AS3ML 32,000 .20 26,000 10,000 .3 Do.
A26EML 32,000 .20 39,000 -3,000 -.1 Do.
Mean | =e-a-a- W20 | emeeeemace | emccmemcmccaaao 2% 0.2 | e meeeeees
A3TM2 60,000 .37 Lk, 200 ~-8,200 -.2 Failed 1/8 in. out of
critical
A3TML 55,000 .3k 30,400 5,600 .2 Failed in critical
A22M3 56,000 .35 33,L00 2,600 .1 Do.
Mean | ~--w--- I 5 T B e B 0+ 0.2 | ---ececscscemcmeccceeaeo
A2hM1 88,100 .55 40,500 -4,500 -.1 Failed in critical
A2TML 88,100 .55 33,600 2,400 .1 Do.
AL1IML 80,000 .50 46,200 -10,200 -.3 Do.
Mean | e-=-ea- Bk R T B e =1t 0.1 | wesemcmeccccmceneee e
A29M1L 112,500 .72 24,800 11,200 .3 Failed 1/4 in. out of
critical
A30OM3 112,500 .78 56,900 -20,900 -.6 Failed in critical
A21M3 112,000 .15 -4 Do.
A22ML 112,000 .75 .3 Do.
A2kM2 112,000 .15 -.2 Do.
Mean | ------- .76 .1t 0.4 | Excluding A29ML
A29M3 136,500 .85 -.6 Failed in critical
AlioM3 144,500 .90 -1 Do.
A29M2 138,300 .87 .15 Do.
Mean |  ----e-- .87 B P T S S

lNegative sign indicates strengthening.

2Critical section includes area 1/2 in. either side of

of minimum cross section.

line
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TABLE 9.~ RESULTS OF FATIGUE LOADING 75S-T6 ALUMINUM SHEET SPECIMENS AT TWO

STRESS LEVELS WITH A CONSTANT MEAN STRESS OF 20,625 PSI

(ONE-FOURTH OF ULTIMATE STRENGTH)

[ Cycle
Damage |ratio atipip a1 11 Damage Damage
reg damage oé € o - né ratio Remarks
. st as, ne s (b)
Specimen a stress, (cycles) Ny - mp
1 o (cycles) (2) e 2
(cycles) o a No
N
Damage streas, 65,000-psi maximum
Testing stress, U45,000-psi maximum
Virgin specimen life, Np, 66,200 cycles
B32ML 10 | 0.00055 107,500 -41,300( -0.6 Failed 1/4 in. out of critical
B35MU 10 .00055 94,000 -27,800( ~.h Failed in critical
©B2086 10 | =memmm- 2,000,000 >-1,933,800 [~ o cmmmmemem | d oo
CB2156 10 | =-=mee- 1,905,000 -1,838,000(-28.0 |eccemmmemcmmaccmceeocmmane
Mean | ~-==-- L00055| ~emmememma| cocomaaa -.5 + 0.1 |Excluding B20S6 and B21S6
B32Mh 1,800 .10 3,230,600{ -3,164, 400 |-48.0 Failed in critical
B32M3 1,800 .10 393,100 -326,900| -. Do.
B29M3 1,800 .10 282,400 -216,200| -3.3 Do.
Mean | ------ [ i I T -17.3 t 24.0|Scatter very large
B33Mh 14,500 .25 112,500 -h6,300| -.7 Failed in critical
B29ML 4,500 .25 113,500 -47,300| -.7 Do.
B25M3 4,500 .25 106,300 -ko,100{ -.6 Do.
B2hMh 4,500 .25 78,200 -12,000f -.2 Do.
Mean | -----= 25 | mmmmemmme] e =6 % 0.1 |memmmmmcm e cdmccnaee
B37M3 9,000 .50 28,800 37,400 .6 Failed in critical
B2TM2 9,000 .50 35,600 30,600 .5 Do.
B2TM3 9,000 .50 52,000 14,200 .2 Do.
Mean | ---=-= 50 | ceecmcmeae| mmmmmmaa- Bt 0.0 e e
B27Mh 13,500 .75 22,800 43,400 T Failed in critical
B28M2 13,500 .75 15,000 51,200 .8 Do.
B2gM1L 13,500 .15 26,500} 39,700 .6 Do.
Mean | --~~-- N o T B e I e e T £ 0.1 |acmmcemmcm e ce e
Damage stress, 45,000-psi maximum
Testing stress, 65,000-psi maximum
Virgin specimen life, N5, 18,000 cycles
B22M2 16,500 .25 14,500 3,500| 0.2 Failed in critical
B22ML 16,500 .25 18,100 -100} © Do.
B28Mk | 16,500 .25 15,600 2,400 .1 Do.
Meap | --s-=n 25 | wmemmemea] ceemmecnas B R o s T TR a——
B3™M2 33,100 .50 9,800 8,200 5 Failed in grips
B30M2 33,100 .50 16,600 1,400 .1 Failed in critical
B30OMk 33,100 .50 18,700, -700} © Do.
B30M3 33,100 .50 8,600 9,400 .5 Do.
Mean | ------ 50 ] mecmmmmeee| mmeemmeeam 23 £ 0.2 | mmmrrm e
B32ML 50,000 .T6 18, koo -ho0} o Failed in critical
B30ML k9,700 ) 8,600 9,400 5 Do.
B3iM3 50,000 .76 10,100 7,900 R Do.
B35M2 50,000 .76 7,400 10,600 .6 Do.
Mean | <~----- [ (Y [P [P .4 £0.1 |Excluding B32ML
B3iM2 56,300 .85 12,500 5,500 .3 Failed in critical
B3kML 56,300 .85 9,300 8,700 .5 Do
B33 | 56,300 | .85 10,100| 7,900 & Do
Mean | --==-- 85 | emmmmemca| e B T A T T
BNegative sign indicates strengthening.
PCritical section includes area 1/2 in. either side of line of

minimum cross section.
“Maximum stress, 76,000 psi.
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TABLE 10.- RESULTS OF FATIGUE LOADING SAE 4130 STEEL SHEET SPECIMENS
AT TWO STRESS LEVELS WITH A CONSTANT MEAN STRESS OF 29,250 PSI
(ONE-FOURTH OF ULTIMATE STRENGTH)
!
D Cycle i
amage
tross, | ToUi0 8% ) ping) 1ife, | Demage, | Damage
Stress, | damage Ny - ny | ratio,
Specimen ny stress, o2 (cycles)| Mo - Do Remarks
(cycles) n} (cycles) {1) 5 (2)
N
1

Damage stress, 95,000-psil maximum
Testing stress, 82,500-ps! maximum
Virgin specimen life, Ny, 583,000 cycles

Cl11ML | 16,500 0.25 273,600 309,400| 0.5 Failed in critical
CoM2 16,500 .25 270,500 312,500( .5 Do.
CoM1 16,500 .25 135,600 b7, hoo| .8 Do.

Mean | =------ 25 | mmmmmee | ;e 6+ 0.1 meemmccmeemeeaes
CloMl 33,000 .50 281,500 309,400 .5 Failed in critical
céML 33,000 .50 200,800 312,500| .7 Do.

Cc58M2 33,000 .50 146,800 ku7,koof .8 Do.

Mean | ------ D0 | mmemmee | emeeees 201 memmmmmeme e
C50ML kg 300 .75 26,500 556,500 1.0 Failed in critical
c87™M2 49,300 .75 43,100 539,900 .9 Do.

C92M1 k9,300 .75 30,200 552,800 .9 Do.
Mean | ------ 15| emmemee | eemeaes 9 0.1 cememee e
Damage stress, 82,500-psi maximum
Testing stress, 95,000-psi maximum
Virgin specimen life, No, 65,800 cycles
Cc58M2 145,000 0.25 84,000 -18,200(-0.3 Failed in critical
CloM2 145,000 .25 43,000 22,800| .3 Do.
C3M2 145,000 .25 77,000 -11,200| -.2 Do.

Mean | -=----- 25 | eeemcmes | emeeaa- 0 £0.3 | mmmcmcmmmemccemee
com2 290,000 .50 34,500 31,300 .3 Failed in critical
Cc13M1 290,000 .50 k1,500 2hk,300| .4 Do.

C13M2 290,000 .50 k1,200 2Lh,600] .k Do.

Mean | --=-=-- B0 | mmmemee ] emmaas B I R e
c8om2 433,000 .75 39,300 26,500 .k Failed in critical
Cc18me 433,000 ) 3k, %00 31,400 .5 Do.

Cc5M2 433,000 .75 33,000 32,800| .5 Do.

Mean | ------- B I B i 5 £ 0.1) wmeccmcnccmnmeaaaa

lNegative gign indicates strengthening. <§:§§§§§;;77

2Critical section includes area 1/2 in. either side of line of
minimum cross section.
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TABLE 1l1.- COMPARISON OF AXIAL FATIGUE TEST RESULTS FOR UNNOTCHED

24S-T3 ALUMINUM SHEET SPECIMENS AT TWO TEST SPEEDS

1100 cpm 90 cpm
—
Maximum| g0 Remarks Maximum — pee Remarks
Specimen| stress (cycles) (1) Specimen| stress (cycles) (1)
(psi) (psi) 4
Test ratio,? -0.60
Al3Mb 48,000 43,100| Failed in critical| AloMp 48,000 22,300|Failed in critical
A2ML 47,500 35, 400| ---~---~- do--------- Alom3 48,000 16,200 Do.
Failed in critical
AIM2 40,000 88,100| -==---- do--—-~--=-= A6LkML 40,000 50,500|Failed in critical
ASTML Lo, 000 112,000| ===-=-~-- e A6hm2 Lo,000 59,800 Do.
ATT3MU 40,000 118,000] -~~---- do----=---- ALSML Lo, 000 65,600 Do.
---------------------------------------- Ak8ML 40,000 31,000|Failed 1/8 in. out
of critical
---------------------------------------- A5TM3 35,000 85,800|Failed in critical
A2Mh 35,000 171,900| Failed in critical| A68ML 35,000 72,500 Do.
A26M3 27,500 545,700| --~-~-- do-m—mmm-- A69ML 27,500 242,000 Do.
A82ML 24,000{>10,994,200| Did not fail ATIM3 25,000{>5,372,400}Did not fail
Test ratio, -0.30
Akl 5k,000 42 ,800| Failed in critical| AL3ML 54,000 36,000|Failed in critical
AbkM3 54,000 56,600 <o~ do--=------- Alb3M2 54,000 33,300 Do.
---------------------------------------- Abimh 54,000 28, %00 Do.
A19ML 45,000 109,800| Failed in critical| A67TM4 45,000 79,700|Failed in critical
AThM2 45,000 131,900| -----~- do-----=--- ASTM2 45,000 93,600 Do.
........................................ A68ML | Lo,000{ 265,900 Do.
A3IM2 35,000 352,700{ Failed in critical ALBM3 35,000 352,500|Failed in critical
Test ratio, 0.02
A36M2 54,000 66,300| Failed in critical| ALOMA4 54,000 51,600{Failed in critical
A36ML 5k,000 62,600 ------~ 0~ mmmmmmm- AlM3 Sk, 000 48,400 Do.
A38M3 54,000 72,200] ------- LR e T B B I e PR T
ABaM2 52,500 84,900| Failed in critical} Akémy 52,500 75,500{ Failed in critical
A6TM3 45,000 107,000| Failed in critical| A68M3 k5,000 146,800|Failed in critical
A7kML 45,000 156,100| -==<--- do---=--=-- AS8ML 45,000 162,300 Do.
Test ratio, 0.40
A39M4 54,000 406,700| Failed in critical| Aloml 54,000 186,500]{ Failed in critical
AboM2 | 54,000 351,000 -~ ---n= do--mnm==-- Akomr | 5k,000( 208,300 Do.
........................................ AloMh 54,000 362,500 Do.
D

loritical section includes area 1/2 in. either side of line of minimum cross

gection,

are plotted in the curves.

Only results obtained from specimens falling within critical section

2Pegt ratio determined by dividing minimum stress by maximum stress.
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TABLE 12.- COMPARISON OF AXIAL FATIGUE TEST RESULTS FOR UNNOTCHED
755-T6 ALUMINUM SHEET SPECIMENS AT TWO TEST SPEEDS
1100 cpm S0 cpm
Maximum Ma xinmum
: Life Remarks Life Remarks
Specimen | strees Specimen | stress
(pet) (cycles) . (a) (psi) (cycles) (a)
Test ratio,? -0.60
BOTM2 60,000 16,600 | Failed in critical | B9SM3 60,000 13,600 | Failed in critical
BOLM3 60,000 19,100 | =====--- 40-----mm- BYSM1L 60,000 16,500 Do.
BLUML 60,000 19,400 | ------- do--------- BLM2 60,000 11,300 Do.
---------------------------------------- BO6M2 60,000 15,000 Do.
43,000 70,000 | cmmmmccaccccceae- BhiML 43,000 51,000 | Failed in critical
43,000 63,800 B43IML 43,000 48,300 Do.
Lo, 000 152,800 BUSML ko, 000 46,100 Do.
40,000 168,700 BLSML 40,000 65,000 Do.
................ B4SM3 Lo, 000 66,700 Do.
---------------- BUTMY 37,500 75,800 Do.
37,500 254,800 | Failed in critical | BUTML 37,500 148,500 Do.
Did not fail B61M3 35,000 159,300 Do.-
35,000 78,800 | Buckled
32,500 253,600 | Failed in critical
30,000 |>3,756,900 { Failed in grips
Test ratio, 0.02
BOTM3 80,500 9,400 | Failed in critical | BBYM3 80,500 6,300 | Failed in critical
BY1ML 9,200 B85M3 80,500 5,800 Do.
B91M2 9 BESML 80,500 6,100 Do.
BloiM2 9,700 | ~=====-d0-=-=----= | eceae | --- o fecmmmmcaen memecce—m———————
BIBM2 6 BLhEM2 75,000 14,200 | Failed in critical
______ BLYEML 65,000 19,800 Do.
B121M3 | 62,500 | 17,900 | Failed in critical | =<--- | =ceoms |ececmoomce | cmmemmcccccmmcaaas
B116Ms | 62,500 | 13,800 | cccccendommmmmmmmm | e ceee Jemmmmmme e | e
...... B36MU 55,000 34,600 | Failed in critical
Bll4Mhk | 50,000 | 48,000 |Failed in critical | =-we- | coccme |ocmcmmmmce | commmmcececmaaa
BllM2 BL3M2 45,000 148,900 | Failed in critical
B36ML BL2ML 45,000 105,800 Do.
, 0.25
(c) B93M3 70,000 29,100 | Failed in critical
...... B93IMYL 70,000 25,100 Do.
(c) BlgM2 55,000 157,000 | Failed in critical
---------------------------------------- BT3ML 55,000 179,600 Do.
B37ML 55,000 120,800 | Failed in critical | B43M3 55,000 155,000 Do.
Test ratio, 0.40
B8SM2 80,500 24,000 | Failed in critical | BOhML 80,500 22,200 | Failed in critical
B92M3 80,500 23,600 | ~=mm--- dQmmmmmmmnn BY6ML 80,500 22,600 Do.
BlooMl 80,500 20,000 | -==---- do--------- BYTML 80,500 18,200 Do.
BY2ML 80,500 23,200 [ -=-=--- do--===mn=- BYEML 80,500 23,600 Do.
Bl21Mb 65,000 63,800 | Failed in critical | BL7M3 65,000 70,300 | Failed in critical
Test ratio, 0.60
BISML 80,500 71,700 | Failed in critical | BhiMe 80,500 224 200 | Failed in critical
BOLML 80,500 68,300 [ ------- do-~=====-- BL1ML 80,500 >94,500 { Failed out of
critical
B93ML 80,500 99,000 | Failed in critical | BLIM3 80,500 | >199,700 Do.
B15M2 79,000 162,100 | ------- [ el Tn L T NP, PR wemoon | mmeemmmc—ececaaas
B23MM 79,000 181,600 | <=~---- do-====v==r | aceae | cmmno-
() 80,000 45,000 | mmmmmmmmemmmmmeman | mmmen | oo

aCrit}cal section includes area 1/2 in. either side of line of minimum cross section.

Only results obtained from specimens fallirg within critical section are plotted op

the curves.

bTest ratio determined by dividing minimum stress by maximum stress.

CValue taken from curve; within $10 percent.

NACA
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TABLE 13.- COMPARISON OF AXTAL FATIGUE TEST RESULTS FOR UNNOTCHED

SAE 4130 STEEL SHEET SPECIMENS AT TWO TEST SPEEDS

—
1100 cpm 90 cpm
T
Maximum| =y, po Remarks (Meximum| gLl Remarks
Specimen| stress (cycles) (1) Specimen| stress (cycles) (1)
(psi) J (psi) y
Test ratio,® -0.60
c189M1 | 85,000 h9,60q Failed in critical | C11iMi | 85,000 26,800 |Failed in critical
C30M2 80,000 102,400 ------- LT P e g
N Cl13M2 | 75,000 105,500 |Failed in critical
Cc96ML 72,500 300,400 Failed in critical | C120Ml | 72,500 157,600 Do.
Cl76M2 | 65,000{ 1,020,400 Failed in critical | C23M1 65,000 259,400 [Failed in critical
C10M1 65,000| 2,607,900 -~----- do-—m=mmmm= | mmmeme | mmemon | e el
c2hMe 59,000 |>12,612,400 Did not fail co3M2 60,000 |>3,394,400|Did not fail
Test ratio, -0.30
CliML | 97,500 80,000 Failed in CriticAl| —mmee= | cwmmew | ~ccccceeee |ocommccamcaoanann-
Cl21M1 | 96,000 106,100 ~==~--- e el Tt T TuTUEN [RRpR PR, JRPIRP IR P U,
C32M2 85,000 83,000 Failed in critical | C111M2 | 95,000 50,500 |Failed in critical
C66ML 95,000 64,400 -~--o-- dom=mmmem e Clhkmi 95,000 48,900 Do.
coM2 95,000 67,600 ~==--=- Ommmmmmmmm | mmmeee | cecme | e e e
C187M2 | 90,000 109,300 Failed in critical | e--eom | cocecc | cmmmmmmoee e
c188M1 | 85,000 239,000 Failed in critical | C112M2 | 85,000 189,500|Failed in critical
..................................... C137™M2 | 85,000 139,400 Do.
------------------------------------- C123M1 | 85,000 163,900 Do.
ci8a2mi | 80,000 465,200 Failed in critical | C38M1L 80,000 228,200 Do.
Cl7iML | Tk,000 874,300 Failed in critical | C39M2 75,000 615,000|Fajled in critical
CikM2 71,000 |>13,086,100, Did not fail C10M1 70,000 | >3,557,400|Did not fail
Test ratio, 0.02
Cl21M2 [100,000 434,300|Failed in critical | ~==e-c | =wmooe | mecommcoce| ool
C122M2 {100,000 254,500 -=---== Q0--======= | cmmcee | cmmmee | mmemmmmeee e m e
Mean |-=--=--] = —cwe--o Scatter too great | ------ | -—-mecc | cmccmmcn e
C150M1 | 95,000 194,000(Failed in critical | C103M1 | 95,000 58L,700|{Failed in critical
céML 95,000 247,500 ~=====- de==-m----- C108M2 | 95,000 454,200 Do.
clM1 95,000 465,000 -~=--~- do---==-~-- C78ML 95,000 227,900 Do.
Cl¥7M2 | 90,000 204,400 |Failed in critical | CT9ML 90,000 294,000|Failed in critical
e S Mttt Bttt iy C5M2 90,000 439,500 Do.
~.NACA
1critical section includes area 1/2 in, either side of line of minimum cross
section. Only results obtained from specimens failing within critical section are

plotted on the curves.
2Tegt ratio determined by dividing minimum stress by maximum stress.



NACA TN 232h4

36

% *(*UT G0000°0 3NOGB 03 PaJINSBSW YOoBS) B DPUB A JO SJUSWSINSEBIW JO UOTSTI9ad
WOJIJ PIJBWIB9 JOIIF

*(9%99 998) TBISW JO TBAOWDRI PO3BOTPUT £q DOASTTAI-S83I3G

uotssa1dwoo 009 § 009 2000 "~ TT00" 640"
uoyssaxdmod 00g F 002T 2000° - 0T00" 0Lgo*
................................... 0ggo" pazsng
uotssaIdmos O0f F 00€ 0T000" - 0100" 0060°
uoTsusy 0GL ¥ 000T GT000" 0T00" 0160°
................................... 0260° ystrod TBOTUBYISNW
uotsuay g€ F G2€ TO00" 2100°" L¢go-
uoTsual} 049 ¥ 049 T000°0 0T00°0 6980°
................................... 6L.80°0 PSATSD3I 8Y
(rur) (*ut) .
AMMNS B8V LAV A M.: USTUTLI
1 [4
§saJ98 TenpIsay PMMHMMQMMM MM@MMMMMW ¢ 88 UNOTYL, uswroadg

SHIAL INIIIIATA WOdA ONILINSHY SHSSHMIS TVNAISHY -*HT dI4Vd

WONTWOTY 9L-SGL NO HSINIJ dJVJIMNS 40




NACA TN 2324 37
TABLE 15.- FATIGUE RESULTS ON ELECTROPOLISHED AND MECHANICALLY
POLISHED SPECIMENS: TESTED AT MAXTMUM LOAD OF 55,000 PSI
AND TEST RATIO OF 0.25 FOR STATISTICAL ANALYSIS

Lifetime
(cycles)
Specimen Alloy
(2) Electropolished Mechanica%I%r polished
3
Als6 2Lks-13 139, koo 122,000
A2S6 2L4s-T3 149,600 81,400
A3S6 245-T3 73,000 86,500
Aks6 2ks-T3 | 0 emme--- 78,800
A5S6 24s-T3 97,4500 |  aeeeee-
A1186 2ks-T3 80,300 | eemeaa-
A1286 2Lks-T3 136,900 175,800
A1386 2hs-T3 93,000 114,900
Alks6 24s-T3 180,000 77,100
A1586 24ks-T3 | ememea- 51, 400
A1686 24s-T3 153,200 69,100
A1TS6 2L4s-13 112,800 | eeeeea-
A20S56 2ks-T3 | emmeaes 116,600
B1S6 758-T6 361,800 253,300
B2S6 758-T6 53,800 66,600
B3sS6 758-T6 77,100 65,600
B5S6 758-T6 67,300 52,900
B6S6 75S-T6 68,400 58,600
BTS6 75S-T6 61,700 48,600
B8s6 758-T6 117,100 88,800
B9s6 75S8-T6 61,700 84,100
B16S6 758-T6 101,200 33,800
B18s6 758-T6 5k, 700 63,000
lspecimens 0.088 to 0.092 in. thick and 2/3 in. wide at
test section. ‘

235-in. strips cut in half to provide two specimens, one
of which was electropolished and other mechanically polished.

3Neutral or slightly acidic medium.
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TABLE 17.- EFFECT OF GLIDE PLATES IN TENSION-COMPRESSION FATIGUE TESTS
Computed values of loads
Side of epecimen to which (psi)
gage was attached
Maximum Minimum
Teat 1 - Sample loaded for 10,000-psi maximum; -6000-psi minimum
(0.005-1n. shim between guide plates)
Front gage 10,225 -6,000
Rear gage 10,225 -6,360
(No shims between guide plates)
Front gage 9,650 -6,250
Rear gage 10,750 -6,600

Test 2 - Sample loaded for 20,000-psi maximum; -12,000-psi minimum

(0.005-1n. shim between guide plates)

Front gage 19,700
Rear gage 20,100

(No shims between guide plates)

Front gage 20,000
Rear gage 20,800

8.9,800

8.1%,000

-11,000
-12,900

Test 3 - Sample loaded for 35,000-psi maximum; -21,000-psi minimum

-

Range of throw too greﬁt to be recorded with strain
1

gages

Test 4 - Sample loaded for 1000-psi maximum; -12,000-pei minimum

(No shims between guide plates)

Front gage 1,k00 -12,000
Rear gage 1,090 -12,200
Test 5 - Sample loaded for 1000-psi maximum; -24,000-psi minimum
(No shims between guide plates)
Front gage 1,070 -2 400
Rear gage 930 -23,750

Test 6 - Sample loaded for 1000-psi maximum; ~36,000-ps

i minimum

(No shims between guide plates)

Range of throw too great to be recorded with straivlgages
]

8Difference of 2000 psi in stress at front and rear indicated
specimen buckled in compression. In actual tests, test pieces were
run with no ghims between guide plates.

NACA
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Figure 4.- Krouse 10,000-pound direct repeated-stress machine, showing sp.ecimens in
position. Specimen on left shown without lateral supports; specimen on right shown
) with guide plates in position.
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Figure 5.-

Close-up view of rigid grips and guide plates in testing
position.

Front support removed to show details.
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(a) Front view. (b) Edge view. Guide plates

shown separated.

Figure 6.- Sketch of tension-compression grips and guide plates. Only
upper portion shown.
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Figure 7.- Typical failures on fatigue test specimens. Left to right:
SAE 4130 steel, 7568-T6 aluminum, and 24S-T3 aluminum. Scale,

approximately one-half.
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Figure 21.- Constant-lifetime curves, amplitude against mean stress,
for 24S-T3 aluminum alloy (see Discussion of Results).
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Figure 22.- Constant-lifetime curves, amplitude against mean stress,
for 756S-T6 aluminum alloy (see Discussion of Results).
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Figure 23.- Constant-lifetime curves, amplitude against mean stress,
for normalized SAE 4130 steel (see Discussion of Results).
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